Background: Non-Alcoholic Fatty Liver Disease (NAFLD) is a distinct coronary artery disease (CAD) risk factor. The atherosclerotic process predisposing to CAD includes altered lipid profile and inflammatory processes. The available evidence suggests that increased circulating levels of eotaxin, an eosinophil chemoattractant cytokine implicated in allergic responses, are detected in the serum of patients with CAD. Relationships were sought between serum eotaxin on the one hand, and intima-media thickness-an early predictor of the atherosclerotic process, hepatic steatosis, arterial blood pressure values, as well as inflammation/immune markers and angiogenetic factors-on the other.
Introduction
Obesity and the Metabolic Syndrome (MS) contribute to early atherosclerosis, which is closely associated with Coronary Artery Disease (CAD). The basic atherosclerotic mechanisms include altered lipid profile and inflammatory processes [1, 2] . Recently, it has been evidenced that atherosclerosis, surprisingly found in premodern human beings, could be due to a basic predisposition rather than to contemporary lifestyles [3] . Mounting evidence continues to support a key role for immune/allergic mechanisms in various phases of atherosclerosis [4] , as confirmed by an up-todate research showing that IgE stimulates human and mouse arterial cell apoptosis as well as cytokine expression, and promotes atherogenesis in ApoE-/-mice [5] . Despite some criticisms [6] , findings suggest that increased circulating levels of eotaxin, an eosinophil chemoattractant cytokine implicated in allergic responses, are detected in the serum of patients with CAD [7, 8] .
Further observations have evidenced that the expression of Tenascin C controls eotaxin levels in apo E-/-mice, confirming its key role in the development of atherosclerosis [9] . The over-expression of eotaxin and the CCR3 receptor in human atherosclerosis has been highlighted also by genomic differential expression technology [10] . What is more, Eotaxin was positively associated with liver triglycerides in animal models [11] . It should be stressed that ectopic fat storage forms the pathological basis of the unclassified Non-Alcoholic Fatty Liver Disease (NAFLD), or non-Alcoholic Hepatic Steatosis (HS). The latter, well-detected by Ultrasound (US) [12] , is closely associated with CAD [13] , which has gained great relevance in recent years. US bears good sensitivity and specificity (92 and 100% respectively) for the histological diagnosis of NAFLD [14] . Obese people show increased Intramuscular TriGlycerides (ImTG) accumulation [15] ; this fat deposition, which is due to an altered production of mitochondrial ATP, is linked to Insulin Resistance (IR), a mechanism central also to HS, and global CAD risk [16] . By increasing the number of reflections and thus, muscle echo intensity, ImTG can easily be evaluated by US [17] . Waist Circumference (WC) and Waist to Hip ratio (WHR) are strictly associated with CAD [18] . The concentration of High Density Lipoprotein-cholesterol (HDL) negatively predicts CAD [19] . Common carotid Intima-Media Thickness (IMT) is a sensitive method to detect early atherosclerosis [20] .
Since there is still debate over the possible role of eotaxin in CAD, we tried to shed light on this controversy and elucidate some aspects of the complex mechanisms involved in the early atherosclerosis affecting NAFLD patients. Accordingly, relationships were sought between serum eotaxin and strict CAD risk factors, such as IMT, HS and arterial blood pressure. We further analyzed possible associations between eotaxin and j) anthropometric measures, jj) metabolic profile, jjj) HS grade at US and liver enzymes, jjjj) inflammation/immune markers, such as IL-1b, with its strictly related C-Reactive Protein (CRP) and Interleukin-6 (IL-6), fibrinogen, ferritin, Tumor Necrosis F-alpha (TNF-a), as well as Spleen Longitudinal Diameter (SLD) [21] , jjjjj) angiogenetic factors-the former secreted by adipose tissue-derived stem cells, i.e., Vascular Endothelial Growth Factor (VEGF) [22] and the latter synthesized, stored and released by platelets upon activation, i.e., Platelet-Derived Growth Factor-BB (PDGF-BB) [23] , both of which play an important role in vascular remodeling during atherosclerosis, and finally jjjjjj) circulating levels of the heat shock protein-70 (HSP-70)-a chaperone involved in inflammation, endoplasmic reticulum stress and apoptosis at liver and endothelial level [24] .
Patients and Methods
This cross-sectional study was carried out screening 125 consecutive, long-lasting obese individuals, referred to our outpatient metabolic unit from May 2012 to April 2013, who had been on a balanced low calorie, low fat (25% of calories) diet during the three months prior to enrolment and were characterized by sedentary life-style. The research protocols were approved by the Ethics Committee of the Federico II University Medical School of Naples (assigned protocol number: 231-05). All participants provided their written informed consent to participate in this study. The Department of Clinical Medicine and Surgery of the Federico II University Medical School of Naples (Italy) approved the conduction of this study.
Of the initial group of participants, 12 were excluded because they had problems performing abdominal US for NAFLD screening (intestinal meteorism), nine others because they had taken steroids (six for bronchial asthma, two for rheumatoid arthritis and one for IBD), and eight had undergone therapy with one or more drugs known to alter laboratory data, i.e., aspirin, statins, fibrates and metformin. Six patients were excluded for a history of hepatic co-morbidities (HBV/HCV infection or alcohol abuse). Ten patients were excluded for lack of adherence to the protocol.
Eighty obese patients with NAFLD formed the final population.
Anthropometric and metabolic profile
The three degrees of obesity (light, moderate and severe) were established on the basis of BMI cut-off points of 30-34.9, 35- 
Criteria for diagnosing NAFLD
Obese patients, independently of evident hepatic cytolysis, were diagnosed as having NAFLD if they satisfied j) an inclusion criterion, i.e., the presence of hyper-echogenity, the so-called ''bright liver'', based on a three-grade scale at US, as discussed below and jj) an exclusion criterion, i.e., the absence of any viral, autoimmune, metabolic disease, e.g. Wilson disease, hemochromatosis or anti-trypsin deficiency, which were ruled out by appropriate testing, following the generally accepted diagnostic guidelines. Furthermore, in case of hyper-transaminasemia, celiac disease was excluded estimating IgA anti-tissue trans-glutaminase antibodies. Alcohol abuse was screened according to DSM-IV diagnostic criteria and by means of the MAST (Michigam Alcohol Screening Test) and CAGE (Cut down, Annoyed, Guilty, Eye opener) tests, as well as by random tests for blood alcohol concentrations and the use of surrogate markers such as Mean Corpuscular Volume.
Ultrasound evaluation
US measurements were performed operating on an Esaote system, i.e., Technos Partner (Genoa, Italy). Specifically, transverse scanning was performed to measure Subcutaneous Adipose Tissue (SAT) and Visceral Adipose Tissue (VAT) using an eleven linear probe and a 3.5 MHz convex probe, respectively. SAT was defined as the thickness between the skin-fat interface and the linea alba, avoiding compression. VAT was defined as the distance between the anterior wall of the aorta and the internal face of the recto-abdominal muscle perpendicular to the aorta, measured one cm above the umbilicus. When the aortic walls were not visualized, as when they were obscured by bowel gas, the Doppler scan was used. Spleen Longitudinal Diameter (SLD) was chosen to evaluate spleen volume and was carried out by postero-lateral scanning with a 3.5 MHz convex probe. Maximum length (the optically greatest overall longitudinal dimension obtained from one of the two poles) and cranio-caudal length (the optically maximal transversal dimension intercepting one of the two poles) were measured; the resulting values were then averaged, since the two measurements do not always coincide. The classification of Eotaxin, IMT and NAFLD PLOS ONE | www.plosone.orgHS, commonly known as ''bright liver'', was based on the following scale of hyper-echogenity: grade 0 = absent, grade 1 = light, grade 2 = moderate, grade 3 = severe, indicating the difference between the densities of the liver and the right kidney. Technically, echo intensity can be influenced by many factors, particularly gain intensity. To avoid confounding factors that could modify echo intensity and thus bias comparisons, mean brightness levels of both liver and right kidney cortex were obtained on the same longitudinal sonographic plane.
Muscle ultrasound, performed by an eleven linear probe at the level of the biceps muscle of the left superior arm, is a feasible and reliable technique to visualize altered muscle tissue, as in case of ImTG, since it is non-invasive and provides results in real-time. Infiltration of fat and fibrous tissue increases muscle echo intensity, i.e., the muscles appears whiter at the ultrasound image. To describe muscle echo intensity, Heckmatt et al. proposed a fourgrade visual scale, where grade I represented normal muscle and grade IV severely increased muscle echo intensity with total loss of bone echo (we chose biceps versus humerus) [25] . Brightness levels of the liver and biceps were calculated three times directly from the frozen images.
The common carotid, the carotid bulb and the near and far wall segments of the internal carotid were scanned bilaterally with a 7.5-MHz linear array transducer, according to the consensus statement from the American Society of Echocardiography Carotid Intima-Media Thickness Task Force, endorsed by the Society for Vascular Medicine [26] . Subjects were examined in the supine position with the head turned 45u contra-lateral to the side of scanning. Images were obtained in longitudinal sections, with a single lateral angle of isonation, optimizing the image for the far wall. IMT was defined as the distance between the lumen-intima and the media-adventitia ultrasound interfaces. Measurements were performed off-line and consisted of six manual measurements at equal distances along 1 cm on the far wall of the common carotid. Left and right IMT were averaged.
Blood pressure measurements
Systolic/Diastolic Arterial Pressure (SBP, DBP) was the average of three consecutive readings taken by the physician during the day, during usual practice hours, after allowing the subjects to rest for five minutes in the sitting position. Patients on antihypertensive drugs maintained a balanced therapeutic regimen throughout the study.
Laboratory data
Serum TriGlycerides (TG), HDL, basal insulin, ALT, c-GT, Alkaline Posphatase (AP), CholinEsterase (CHE), glycemia, ferritin, fibrinogen and insulin were performed by in-house standard procedures. Hs-CRP values were determined by the ELISA test, with reference values ranging between 0.3 and 8.6 mg/L in healthy men and between 0.2 and 9.1 mg/L in healthy women (BioCheck, Inc CA, USA). HSP-70 was determined using a high sensitivity EIA kit by Enzo Life Sciences International, Inc., PA, USA as described in detail in a previous report [24] .
Bead-based assay
Human eotaxin singleplex was performed according to Bio-Rad systems protocol (Bio-Rad Lab., Inc., Hercules, CA, USA) as reported elsewhere [27, 28] . Sera samples were diluted four times with suitable buffer. Initially, the 96-well filter bottom plate was pre-wet. Fifty microliters of diluted microparticle solution and 50 ml of sample were added to each well in duplicate. Thereafter, the plate was incubated for 1 h and washed three times with wash buffer. Afterwards, 25 ml of diluted biotin antibody were added to each well and incubated for 1 h. The plate was then washed as described above and 50 ml of diluted Streptavidin-PE were added to each well and the plate incubated for 10 min. All incubations were performed at room temperature on an orbital shaker set at 15 g. Finally, the plate was washed again with 100 ml of wash buffer. The median relative fluorescence units were measured using the Luminex 200 analyzer (Luminex, Austin, TX, USA). Eotaxin concentrations were calculated using a standard curve. Control range used for eotaxin id was 19.467.2 pg/mL.
The coefficient of variation, calculated by SD/mean x 100 for the intra-assay and inter-assay was ,10% and ,12%, respectively.
To establish whether eotaxin levels correlated to the other cytokines present in the Human Cytokine 27-Plex Panel (Bio-Rad Lab., Inc., Hercules, CA, USA), i. At univariate analysis, to assess the independent effect of a quantitative variable on the prediction of another variable, the linear regression analysis (least squares) was used, evaluating the coefficient with its standard error, 95% confidence intervals (CI) and t (t-stat or t-values). A t-stat greater than 1.96 with a significance less than 0.05 indicates that the independent variable is a significant predictor of the dependent variable within and beyond the sample. The scatter plots display the correlation. At multivariate analysis, the multiple regression (Backward Stepwise Selection) was adopted, firstly entering all variables if p = 0.05 in the model, and then removing if p = 0.1 the nonsignificant variables sequentially, with a maximum number of 15 steps. To avoid multi-collinearity, i.e., situations in which the predictors are correlated with each other to some degree, the variance inflation factor and tolerance were set at.10 and ,0.1, respectively. Similarly, to assess which variables contribute more or less to the regression equation, the magnitude of standardized coefficient beta (b) was calculated. Finally the zero order correlation coefficients, indicating the simple correlation coefficients, were evaluated.
To evaluate the intra/inter-observer variability of the measurements, the mean difference in the measurements of the observers was first calculated. Next, the concordance correlation coefficient (r c ), which measures precision and accuracy, was adopted to evaluate the degree of pair observations at US, with values.0.8 considered as indicators of good reliability. MedCalc, version 12-7 (MedCalc Software, Broekstraat 52, 9030 Mariakerke, Belgium) and SyStat 13 (Cranes Software International, Bangalore, India) were the statistical packages employed.
Results
The demographic assessment, anthropometric measures, laboratory data and instrumental findings of our study population are shown in Table 1 .
It is noteworthy to stress that the patients in our series presented high grade obesity, i.e., grade II and III, with very large waists, and therefore with evident visceral adiposity.
When analyzing the laboratory data, the patients selected were characterized by normal or slightly elevated liver enzymes. At the instrumental analysis, most of our obese patients showed a light/ moderate grade of HS at US, without significantly enlarged spleen. The moderately increased IMT value clearly evidenced an asymptomatic, early stage atherosclerosis in this population, in agreement with the non advanced median age of the participants. Furthermore, data concerning blood pressure, revealed that only mild hypertension was present among our patients.
The values of circulating eotaxin were increased when compared to our reference values.
Correlations: univariate analysis
The predictions between serum eotaxin concentrations and anthropometric data, inflammation markers, liver parameters (including enzymes and HS grade), angiogenetic factors and cardiovascular risk factors are represented in Table 2 . Of some interest were the relationships between eotaxin concentrations and the following specific immune regulators, i.e., TNF-a, IL-6, IL-1b on the one hand, and between eotaxin and angiogenetic factors, i.e., VEGF as well as PDGF-BB on the other. Among the metabolic parameters, anthropometric data and US features of excess body weight, a significant prediction was only found comparing eotaxin to HOMA. IMT was well predicted by eotaxin. When analyzing other cardiovascular risk factors associated with serum eotaxin, blood pressure determinations were non significant, as was HS grade. Furthermore, HSP-70 was not predicted by seum eotaxin.
Correlating indices of fat storage at US (SAT, VAT, HS and ImTG), ImTG score was well predicted by HS grade (coefficient = 0.51, standard error = 0.17, 95% CI = 0.17 to 0.85, t = 2.1, P = 0.003) and VAT (coefficient = 0. 12, standard error = 0.4, 95% CI = 0.04 to 0.20, t = 3.1, P = 0.0026).
Liver laboratory test such as ALT, c-GT, AP values were not predicted by eotaxin levels in our series (Table 2) . Interestingly, HS grade was predicted by ALT values (coefficient = 6.8, standard error = 2.9, 95% CI = 0.87 to 12.8, t = 2.28, P = 0.025) and c-GT values (coefficient = 10.65, standard error = 3.7, 95% CI = 3.27 to 18, t = 2. 87, P = 0.005). Finally, HOMA predicted the grade of HS severity at US (coefficient = 0.056, standard error = 0.015, 95% CI = 0.025 to 0.088, t = 3.6, P = 0.0005), resulting to be one of the strongest relationships.
The most important correlations are shown in Figure 1 (A-F) .
Correlations: multivariate analysis
At the multiple regression analysis, using the stepwise method, two independent variables contextually predicted the dependent variable IMT, i.e., serum eotaxin levels and HS grade at US (beta 0.30, P = 0 0.005 and beta 0.32, P = 0. 0038, respectively). The remaining variables not included in the model were HDL, TG, HOMA and CRP. The zero order correlation coefficients between IMT and eotaxin, HDL, TG, HOMA CRP and HS at US were 0.27, 20.08, 0.07, 0.18, 20.045, and 0.28, respectively.
Finally, at the multiple regression, forcing the stepwise method, among ALT, AST, c-GT, AP, CHE and SLD, only spleen volume was retained, predicting HS at US (coefficient = 0.1815, standard error = 0.03767, beta = 0.48. P = ,0.0001).
Agreement
The intra/inter-observational variability of UltraSound estimations was not significant, the mean difference being 1.9, 2.9, 2.4, 3.1, 2.4 and 3.9%, and 2.3, 3.1, 3. 9, 3.1, 2.6 and 3.4% for the HS, ImTG, SAT, VAT, SLD and common carotid IMT, respectively, with a r c of 0.91.
Discussion
The key finding of this research can be summarized as follows: Firstly, a clear relationship exists between serum concentrations of eotaxin and TNF a, IL-6, IL-1b. These cytokines have marked effects on numerous cell types which, in turn, secrete a variety of inflammatory mediators, creating complex networks of interactions and leading to multiple inflammatory cascades. Secondly, serum concentrations of eotaxin were significantly related to the serum levels of angiogenetic factors, i.e., VEGF as well as PDGF-BB. The former and latter findings confirm the body of pertinent knowledge that an inflammatory/immune interplay could be evidenced in the induction of atherosclerosis, but also in the maintenance of this process by determining impaired angiogenesis and/or endothelial cell dysfunction. In fact, IL-1 b and TNFa have potent effects on vessel wall components-particularly on endothelial cells, and may influence the mechanisms involved in vessel occlusion and repair [29] .
As determined by multivariate analysis, the most important factors in predicting patients with early atherosclerosis were both eotaxin levels and the severity of HS at US, even if we were unable to show any association between these two variables, which likely contribute, in an independent fashion, to determine or worsen the atheromatosus process.
Among the metabolic parameters, a significant prediction was found comparing eotaxin to IR, as detected by HOMA, but not to the other two classic CAD risks, i.e., HDL, TG. Of relative interest is the association, detected only at univariate analysis, of HS with ALT and c-GT, although two limitations in its interpretation must be acknowledged: the small size of the cohort studied and the values of liver enzymes not exceeding twice the normal values). Discussing possible mechanisms and explanations for these findings, we hypothesize that eotaxin is released by the smooth muscle cells present in the atheromatous vessels only by activated cells, after a stimulus by either TNF-a or IL-1b. This interpretation is supported by Ghaffar et al. [30] , whose study demonstrated increased eotaxin expression in smooth muscle cultures after treatment with both the aforementioned cytokines. That IR (evaluated by HOMA), the main mechanism underlying HS (confirmed also by the findings of this research) and which plays a key role in linking HS to CVD [21, 24] , could mediate the increased release of eotaxin from competent cells, surely cannot be inferred by this work, although this hypothesis is suggestive. In any case, the relationship between IR and eotaxin could be based on the GH/IGF axis, which is altered in NAFLD [31] . This hypothesis finds support in a recent study showing that IGFBP-3 inhibits TNF-a, CRP and high glucose-induced NF-kB activity in human aortic endothelial cells, and subsequently suppresses monocyte adhesion in the same cells through the IGFBP-3 receptor [32] . Very scarce data was found in relation to the link between eotaxin and IMT when comparing our results with relevant findings from other reports found in the literature by search sources (MEDLINE/SCOPUS) during the last decade, in which plasma eotaxin levels accurately identified individuals with clinically significant atherosclerotic heart disease [7] and were associated with the presence and extend of angiographic coronary artery disease [8] . The results of the present study on obese patients suffering from NAFLD allows us to confirm the main role of eotaxin in the atherosclerotic process (likely early stage), a process that is more and more reckoned to be based on immuneallergic mechanisms. As to the limitations of the present study, we first of all should pinpoint the reduced sample size of the selected population. A further drawback is that we did not perform liver biopsies because of technical (repeated passages due to the amount of subcutaneous adipose tissue could increase procedure risks) and ethical issues (lack of significant hepatic cytolysis). Neither was adiposity evaluated by MRI, nor was arterial stiffness detected by means of pulse wave velocity, both known to be more precise methods. It should, however, be emphasized that the major advantage of IMT is that it is completely non-invasive and can be repeatedly performed in follow-up studies. It is also relatively inexpensive, and the technology widely available. Increased IMT has been shown to consistently predict future vascular events [33] . IMT is an alternative to coronary calcium scans and does not expose patients to any radiation. The NIH, as reported in their public access, also accepts IMT (but not coronary calcium scanning, which utilization needs further studies) to follow patients for atherosclerotic disease progression [34] . Furthermore, compared to other more sophisticated methods, it has proven to be very reliable [35] .
Given the experience accumulated in experimental settings and in human disease showing that the systemic inflammatory response is triggered by pro-inflammatory cytokines, crucial future research in obese patients should be directed towards the study of the interplay between cytokine/chemokines and other angiogenetic factors; in fact, basic Fibroblast Growth Factor (b-FGF), which activates monocytes to promote the endothelial cell proliferation involved in plaque development [36] , seems to be one of the most promising lines of research.
Conclusion
The atherosclerotic process is not fully understood. Canonical data link hyperlipidemia, hypertension and cigarette smokingwhich together increase risk manifold-to atherogenesis. Obese individuals with NAFLD are a properly selected population to study this illness in an early phase. IMT can be reduced by lifestyle modifications and therapeutic interventions. However, only recently have we appreciated that inflammation couples dyslipidaemia to atheroma formation. Leukocyte recruitment and expression of pro-inflammatory cytokines characterize early atherogenesis, which is initiated by inflammatory processes in the endothelial cells of the vessel wall in response LDL particles [37] . Moreover, inflammatory pathways promote thrombosis, a late and dreaded complication of atherosclerosis, which is responsible for myocardial infarctions and most strokes. The clinical implications of this work, summarized in a straightforward and circumspect manner, could consist in identifying the triggers for inflammation, and unraveling the details of the inflammatory pathways may eventually furnish new therapeutic targets.
